Each of two Desert Sheep was infected with 1500 cercariae of Schistosoma mansoni of Northern Sudan. Signs of infection were anorexia, soft faeces, progressive weakness and loss of wool. The sheep were killed 254 and 269 days after infection. The findings were heavy infiltration of the lamina propria with inflammatory cells, numerous ova in the submucosa, hyperplasia of lymphoid tissue, oedema of the mesenteric lymph nodes, and focal pulmonary oedema and congestion. There were egg granulomas, focal necrosis, schistosomal pigment, fatty change, depletion of glycogen and reduction in the activity of adenosine triphosphatase, succinic tetrazolium reductase and glucose-6-phosphatase in the liver. In one sheep I330 cercariae penetrated and 700 matured to produce males and females in a 5:2 ratio. In the other sheep, about one third of the cercariae penetrated and matured. The ratio of males to females was 3: 1.
Studies of albino mice infected with a Sudan strain of Schistosoma mansoni showed that the infection caused severe liver damage and could be treated successfully with lucanthone hydrochloride. The studies also show that the degree of infection and pathogenicity of S. mansoni of Southern Sudan was greater than those of the North [4-61.
Nubian goats are susceptible to infection with S. mansoni of Northern Sudan and develop diarrhoea accompanied by gradual deterioration of health, nervous signs and lesions in the alimentary tract, liver and lung [2] . There are no other studies on the effects of experimentally infected domestic animals with the Sudan strain of S. mansoni.
This paper suggests the possibility of Sudanese Desert Sheep as hosts of S. mansoni, thus spreading infection in rural areas where there are contacts between man and animal.
Materials and Methods
Three female Desert Sheep 7-9 months old were housed for up to 4 weeks before the experiment and were fed lucerne and water adlibirrrm.
Sheep 1 and 2 were each infected with 500 cercariae of S. niansoni of Northern Sudan on each of three consecutive days. A small area on the ventral aspect of the abdomen was shaved. Each day a small quantity of water containing cercariae was placed on this area for 1 h; the water was removed and examined for cercariae. Sheep 3 was kept as an uninfected control.
At about 10 weeks after infection the faeces were examined three times a week for ova of S. mansoni. All sheep were killed 8-9 months after infection.
The thoracic and abdominal cavities of each animal were exposed, and schistosome worms were dissected from the liver and mesenteric vessels. The worms were washed in citrate saline, separated into males and females, counted, and measured.
At autopsy, samples of the intestines, mesenteric nodes, liver, spleen, kidney, heart, and lungs were fixed in 10% formol-saline. Sections were prepared and stained with haematoxylin and eosin. Liver sections were also stained with periodic acid-Schiff (PAS), Perk' Prussian blue, Masson's trichrome and Gordon and Sweet's method. Frozen sections 10 pm thick were stained for succinic tetrazolium reductase [7] , glucosed-phosphatase [lo] and adenosine triphosphatase [I I].
Results

Clinical Findings
Sheep 1 and 2 had reduced appetite, passed rather soft faeces and appeared depressed from day 150 to 182. Thereafter, the faeces were normal. There was also reluctance to lie down; pallor of the visible mucous membranes; progressive weakness and loss of wool from the back, abdomen, and fore and hind limbs during the course of the disease. These sheep were killed on days 254 and 269, respectively. The uninfected control sheep showed no clinical changes throughout the period of the experiment and was killed on day 269.
Postmor tem Findings
Sheep 1 and 2 had a slight excess of fluid in the peritoneal and pericardial cavities. The intestinal contents were mucoid, and the epithelium was focally studded with small nodules. The mesenteric lymph nodes were large and oedematous, and the cut surface bulged slightly. The liver was brown, nodular, and firm. The spleen was normal in size and its pulp had whitish deposits, particularly in sheep 1. The lungs were oedematous. There were no changes in sheep 3.
Histologic Findings
The lumen of the intestines had small aggregations of cellular debris and mucin. The lamina propria had isolated egg granulomas and in many places was filled with infiltrating cells, predominantly eosinophiles. The submucosa had a large number of schistosome eggs, some either disintegrated or calcified. There were increases of small round cells in the spleen, hyperplasia of lymphoid cells, and oedema of the mesenteric lymph nodes. The liver had egg granulomas, intimal proliferation of the portal veins, schistosomal pigment in enlarged Kupffer cells, focal necrosis, fatty change, and reduced glycogen. There were foci of myocardial degeneration and pulmonary oedema and congestion of the alveolar capillaries. No granulomas were seen in the lungs.
Histochemical Findings
There was irregular adenosine triphosphatase activity in the canaliculi of the mid-lobular zone with an increase in diffuse cytoplasmic reaction in groups of hepatocytes in the inner parts of the lobules. The sinusoidal lining had a weaker reaction in the outer parts of the liver lobule.
Succinic tetrazolium reductase activity was slight in the cytoplasm of liver cells. Glucose-6-phosphatase activity was intense in the cytoplasm of a group of hepatocytes in a narrow area around the portal tracts. Enzyme activity fell in the mid-lobular zone. The pattern of enzyme reaction in the normal liver has been described [ l , 3, 91.
Parasitological Findings
Sheep 1 was penetrated by 1330 cercariae and sheep 2 by 1280. The number of adult worms recovered is shown in table I. Although the female schistosomes recovered from these sheep had many viable eggs in their uteri, we did not find any ova of S. mansoni in the sheep's faeces. Viability was determined by hatching. The male worms were 8.3-9.1 mm long and 0.2-0.3 mm wide. Females were 10.0-1 1.2 mm long and 0.1-0.2 mm wide.
Discussion
There is evidence from our experiments that Desert Sheep are susceptible to infection with S. mansoni of Northern Sudan and that the parasite induces changes in important organs and tissues with obvious clinical effects. It seems likely that anorexia, soft faeces, progressive weakness, and alopecia might be associated with liver damage since damaged hepatocytes fail to anabolize amino acids and proteins. This failure causes wasting and inability to maintain wool growth. A factor that might have contributed to loss of condition is the lesion in the alimentary tract resulting in impairment of the digestion. The depletion of hepatic glycogen in S. mansoni-infected sheep indicates an interference with carbohydrate metabolism. Effect on hepatic parenchyma is further supported by enzyme histochemical findings including irregularities of canalicular adenosine triphosphatase activity with intense diffusion into the hepatocytes and reduction in succinic tetrazolium reductase reaction in the liver cells. It has been suggested that there is an immunological reaction for the development of part of the cellular lesions, lymphoid nodules and follicles and intense intimal proliferation in Suffolk-Welshborder breed of sheep infected with a Puerto Rican strain of S. mansoni [8] .
It appears that the rate of cercarial penetration of the skin of these animals is high, but the yield of adult worms is low. Our findings in goats infected with S. mansoni of Northern Sudan showed a similar low recovery of adult schistosomes [2] , but the proportion of female worms seems to be higher in goats than in sheep. Such difference in the ratio of male and female worms collected from sheep and goats may be because of differences in the bisexuality of cercariae to which these two species were subjected. The batch of cercariae given to goats might have contained more females than the batch given to sheep, but generally the male cercariae of both batches seemed to dominate. The low recovery of adult worms is probably because the number of schistosomules was reduced as they passed from the peripheral circulation to heart, lungs, liver, and mesenteric vessels of such animals.
The results of our experiment on Desert Sheep indicate that these animals may influence the epidemiology of intestinal schistosomiasis in the Sudan by increasing the chances of S. mansoni infection.
